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DYNAMICS AND CEUTA IN MECHANISMS IN THE CHANGES IN 

THE HUMAN MUSCI£-SUPP(»T SYSTEM UNDER BED REST CONDITIONS 

A vast amount of literature has been dedicated to the study of the state /l « 
of the human muscle-support system under conditions of hypokinesia. This 
report presents the results of research on the Indicated topic which was mainly 
conducted In the Institute of Medical and Biological Problems with the parti- 
cipation of colleagues from other Institutions. 

The bed rest conditions In the experiments had two varlantsi the longitudinal 
axis of the body perpendicular to the vector of gravitational forces (cllnostatlc 
hypoklnesla--CH) and the cranial portion of the body Inclined from the horizontal 
by -4® (antlorthostatlc hypokinesia — AH). The duration of the bed rest fluctu- 
ated In various experiments from 30 182 days. The state of muscles and 

neuromuscular system was judged on the basis of the recording of various functional 
Indices, as well as by certain results of morphological and biochemical studies 
and the data from study of the motor functions. 

I . Functional Characteristic of the State of Skeletal Musculature 

In order to evaluate the state and functional reserves of the skeletal 
muscles a study was made of the dynamics for the change In muscle mass and the 
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"hardness" of the muscle tissue, the strength indices and the endurance of 
individual muscle groups, the excitability and electromechanical efficacy of 
the muscles. 

In the process of cllnostatic hypokinesia there naturally was observed a 
reduction in the volume of muscles progressing with an Increase in the duration 
of the bed rest. The pronounced nature of the changes in the perimeters was the [2 
greatest in the crus and was 5-6 cm by the ond of a 120-day bed rest pattern. 

The changes were viewed as a consequence of atrophic processes, more pronounced 
in the leg muscles. However, the more rapid, although not complete, restoration 
of ferlmeters in the crus after the end of the experiment permitted the hypo- 
thesis that either atrophy of the muscles was accompauiled by a weakening of their 
function related to the guarantee of venous return, or, besides atrophy, a 
disorder occurred here in the regulation of the regional circulation [,3ll- 

Under conditions of antlorthostatlc hypokinesia, th^ degree of change in 
muscle mass of the crus was also directly dependent on the duration of the 
e::perlment. By the end of the 182-day bed rest pattern the crus volume was 
reduced by 26% from the original level. The femur dimensions after the Initial 
reduction had the opposite tendency. By the end of the 182-day experiment the 
volume of the femur was 33^ greater than the norm. Here, apparently, are more 
clesirly manifest the changes in circulation regulation and/or reduction in 
the operation of the "muscle pump", which to an equal degree can produce 
congestion in the vessels of the femur and small pelvis (fig. 1). 

Study of the hardness of the muscle tissue, as one of the indirect indices 
of muscle tone, revealed its essentially similar reduction under the influence 
of both versions of bed rest. We must note the procedural imperfection in the 
study of muscle tone on the basis of evaluating "hardness" of the muscle tissue. 
Nevertheless, changes in the muscle dimensions and indices of "hardness" of 
muscle tissue in both variantn of the bod rest pattern were expressed more in 
the muscles of the lower extremities. 

Under condi+icns of antiorthostatlc hypokinesia of varying duration pro- 
gressive reduction in the maximum strength of the muscles was naturally noted. 
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After 182 days of AH the strength of the muscles In the crus and torso was 
reduced by and 39*9^ respectively, while the hypodynamlcs of the brachial 

muscles was expressed to a lesser degree (fig. 2). An analogous nature of 
changes was noted In the study of static and dynamic endurance (fig. 3) • which 
testified to the reduction In the reserve possibilities of the skeletal muscu- 
lature. 

In the process of bed rest the dynamics was traced for excitability and 
lability of the musculus biceps brachll and musculus quadriceps femorls. 

Changes In the rheobase Indicated a reduction In the direct excitability of the 
muscles which progressed with an Increase In the duration of the experiment and 
reached the maximum at the end of the 182-day bed rest pattern (fig. 4). The 
frequency limits for assimilation of the rhythms of electrical stimulation were 
also lowered. The Impairment In lability of the neuromuscular conduction was 
the most marked In the 7*8 week of the experiment. The degree of change In the 
studied parameters In the musculus quadriceps femorls was more pronounced than 
In the musculus biceps brachll (fig. 4). 

It was established by Investigating the electrical phenomena In the muscles 
that the mean amplitude of eiectromyograms at rest or during the test with 
majclmum contraction has a tendency to drop under conditions of bed rest L32.331* 
The most significant changes in the amplitude characteristics of the fcWG were 
noted in the distal muscle groups and especially In the leg muscles. 

Lengthy limiting of muscle activity was also accompanied by certain 
qualitative changes In the EHG . During hypokinesia of varying duration on the 
Interference EHG (most often the musculus gastrocnemius) spontaneous outbursts 
of activity of an unusually rare frequency were observed, as well as Individual 
potentials of fasclculatlon (see also [.l]) . These phenomena are usually 
associated with an increase in excitability of the motor neurons and the 
development of conditions promoting synchronization. 

In favor of this hypothesis were data from a study of the reflex activity 
of the spinal chord (N-reflexes) and the activity of Individual motor units (HU) • 
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In the seventh week of cllnostatic hypokinesia a reduction was established in 
the thresholds for summoning the N-reflexes in the musculus gastrocnemius, an 
increase in the ratio of N/^-responses auvl a decline in the duration of MU 
potentials. 

Data on a reduction in the meem amplitude of QIC during hypokinesia to 
a certain extent contradicted the results of the EUG study after space flights. 

When the cosmonauts fulfilled adequate muscle work in the period of readaptation 
an increase was noted in the amplitude amd a decrease in the frequency of E)MC 
oscillations L2l]i which testified to the greater intensity of muscle contractions. 

The effort to make the EUG a more informative index resulted in the develop- 
ment of a new method for functional diagnosis of the state of muscles on the 
basis of evaluating the bioelectric cost of their mechanical effects. The 
integral value of the electrical energy in the crus muscles was measured during 
random rhythmic plantar' flexures of the foot under a standard load. 

A statistically reliable, monotonous Increase was established in the 
Integral EUG during the 7-10 weeks of bed rest in the antiorthostatlc position. 

This indicated, according to our concepts, the impairment in electromechanical 
efficacy (EME) of the given group of muscles. With longer periods of bod rest /3 
(to 182 days) the changes in EME were of a fluctuating nature (fig. 5) • 

Restoration of the EHE after seven weeks of hypokinesia occurred in the 
course of three weeks of the readaptation pexlod with the use of rehabilitation 
measures (fig. 6). Restoration of the studied function of the crus muscles 
after 182 days of bed rest took roughly 5-7 weeks according to preliminary data. 

II. Morphological arv^ Biochemical Studies 

Studies were made on biopsy specimens taken from the musculus soleus of 
six subjects on the thirtieth L3] and forty-ninth £ 3 ] days of antiorthostatlc 
hypokinesia. Blometrlcally it was shown that there was a statistically 
reliable reduction in the volume of red and white muscle fibers on the average 
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by 33^ and 22J^ raspectlvely [_423. 


Electron microBcuplc data indicated that the bed rest (AH) was accompanied 
by marked structural changes in the contractile appuatus (separation of myo- 
fibrils, local lysis, thickening and destruction of Z-striae) . Histochemical 
studies revealed shifts in tne level of oxidizing metabolism. 

After lengthy hypokinesia a decrease was noted in the content of sarcoplasmic 
and especially contractile proteins in the musculus soleus (table 1), which 
could be a manifestation of intensified catabolic processes. At the same time 
the activity of the aspartate aminotransferase and alanine aminotransferase was 
noticeably increased in the subjects after lengthy bed rest. Apparently, the 
intensification in catabolism on the feedback principle elicited activation of 
enzymes participating in synthetic processes |_93* 

Certain data of biochemical analysis of blcod and urine were also viewed as 
an indication of the intensification in catabolic processes In the muscle. 

This was shown by the Increase in content of creatine phosphoklnase in the blood 
L 393 . Increased removal of nitrogen and phosphorous from the urine (,123 
Increased nitrogen creatinine in the urine (,3]. 

It is appropriate hero to cite certain results of morphological and 
biochemical analysis of muscles after space flight lasting 23 days (material 
from the autopsy of the"Salyut-l" crew) . On the background of on the whole 
normal muscle structure of the crus and femur signs of atrophy wore observed in 
individual muscle fibers and focal dystrophy. Fibers were found which were 
increased in volume, with homogeneous sarcoplasma; a reduction was noted in 
the diameter of certain fibers with a considerable Increase in the number of 
nuclei extended into a chain, and losses in the transverse and longitudinal 
strlation of individual fibers. In single fibers sections were found of 
coagulation necrosis, "marginal swell! :,g" of the sarcoplasma (according to the 
data of V. V. Fortugalov and co-workers). 


Biochemical studies of the same material did not reveal gross signs of 
muscle atrophy. The quantity of general and sarcoplasmic proteins did not 
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change in the doltoideus, gaBtrocnemlus and quadriceps femorls muacull. At the 
same time there was an Incr ease la proteins of the T fraction auid a reduction 
In the contractlLsj,,.prtrteTri actomyosln. The described changes had a focal nature 
and lndlcaj,e<f^he Initial signs of dystrophy, more pronounced In the lower 
extremities (according to the data of M . S. Gayevskaya and co-workers). 

III. Neurological Status and Motor Functions 

In the set of neurological disorders accompanying lengthy bed rest several /? 
characteristic symptom-complexes are usually distinguished which axe classified 
as asthono-neurotlc, hemodynamic, painful syndromes, syndromes of neuromuscular 
and statoklnetjc disorders. The last two are Importeint for this report. Certain 
manifestations and the dynamics for the development of the syndrome of neuro- 
muscular disorders In the process of seven-week bed rest In the antlorthostatlc 
position are presented In fig. 7- Here attention Is drawn to the roanlmatlon of 
the tendon reflexes with signs of asymmetry and Increase In the plantar reflexes 
with pathological signs. In longer periods of bed rest these symptoms were 
Intermittent. They, In addition, agreed with the activation of the reflex 
activity of the spinal cord previously noted on the basis of recording the 
M- and N-responses. 

The statokinetic disorders found In clinical observations wore expressed 
In the disruption of stability and coordination of automated motor habits 
(locomotion) and preservation of the vertical pose. 

On the whole the clinical observations permitted detection of greater 
markedness In the syndrome of hemodynamic disorders (all the way to cerebral 
symptomatology) under conditions of antlorthostatlc hypokinesia In comparison 
with bed rest In a horizontal position. 

Clinical signs of the statokinetic syndrome were confirmed In the study of 
motor functions with the help of quantitative methods of study. After hypokinesia 
In the majority of subjects a reduction was observed In the mean rate of move- 
ments due to a shortening In the length of the double step and an Increase In 
the rate of walking 1_37, Simultaneously there was an Increase In the 
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scope of th9 coxofemoral. knee and talocrural Joints, which indirectly inlicated 
the uneconomical nature of the structure of walking. The described changes in ^ 
the kinematics were noted in both types of hypokinesia, had an adaptive nature 
and permitted the subject under conditions of a disorder in movement coordination 
nevertheless to maintain a rate of adv'aice close to the initial. The indicated 
changes in step were combined, according to data of movie film, with an increase 
in torso fluctuations in transverse and longitudinal directions L^l]]. 

A reduction in the stability of the vortical pose in the early stager of 
bod rest in clinostatic and aniiorthostatic positions was stabilographically 
established. At the same time the amplitude of oscillation of the common 
center of gravity in the body increased in comparison with the norm 1.5-2 times 
and more ^15]* 

IV . Possible Mechanisms for the Change in Functional State of Skelexal Muscles 

Analysis of the findings permits one to state that the stay of a mari for 
a long time under bed rest conditions was accompanied by the development in the 
skeletal muLcles and neuromuscular system of a set of changes which, in our 
opinion, are well defined by the term "functional atrophy" L^8|). It Is expressed 
in the reduced muscle mass and hardness of muscles t decrease in the strerigth of 
muscles and their endurancej drop in excitability and functional mobility j 
increase in the bioelectric "cost" of the mechanical effect. Also noted were 
certain morphological and biochemical signs of the development of the atrophic 
process in the muscles. All of this was accompanied by a disruption in movements 
at various levels of its organization. 

The described picture agrees well with the changes in the functions of 
muscles in cosmonauts after space flights \_Z, 13i 20, 21, Ml, 46, 64j. This 

is fairly clearly manifest also in the preeminent reduction in the functional /2 
potentialities of muscles in the lower extremities and torso in comparison with 
the muscles in the shoulder girdle [_2, 21, 64^. 

Comparison of the effects of clinostatic and antlorthostatlc positions did 
not reveal essential differences in the main functional indices. Some observed 
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diffar«nc«8 in the dynamics of the changes In perimeters of crus and femor were 
apparently governed by the fact that the artiorthostatlc position is accom- 
panied by a more oronounced development of weakness in the venous "muscle pumpt" 

This is possibly not only a seconds' v result of progressive muscular alrophy, 
but also a consequence of the reconstruction of regulatory mechanisms in the 
circulatory system. 

Data of biochemical studies under conditions of bed rest mainly also 
correlate well with the results of space flight |_12, 5^, 68]. However, certain 
analogous studies did not find such significant changes either in the metabolism 
of the organism tissue or in the structure and metabolism of muscles (analysis 

of autopsy material on "Salyut-1" crew, see above). 

In this respect attention should bo drawn to the opinion of Sandler \jb2~] 
and many other researchers that flight experiments are not without known 
deficiencies! email number of targets of observation, differences in the con- 
ditions and tasks of flights, in the composition and volume of preventative 
measures significantly masking the true r.r"nlfestatlons of changes, limited 
opportunities for studying the dynamics of the phenomena. Experiments on animals 
in sp^ce, which in particular, are not "protected" by anything from the effect 
of weightlessness, were free of some of these deficiencies. 

The results of research on the blosatellltes revealed that after the animals 
had been in space for 20-22 days ("Kosmos-605" and "Kosmos-690") certain /lO 

contractile functions and biochemical properties of t^,e studied muscles (long 
extensor of the digits and soleus) underwent noticeable (statistically signi- 
ficant) changes! inhibition in the occurrence of single responses, losses of 
strength (fig. 8) and elasticity of muscles (fig. 9) i reduction in functional 
mobility and resistance to fatigue. In the muaculus soleus, besides a greater 
markedness of these changes, an acceleration was also noted in the development 
of tetanic isometric contraction (fig. 10) . The main characteristics for the 
functional activity of muscles for the 26 days of the animals' stay on earth 
statistically did not differ from the level of control values, with the exception 
of indices for strength and elasticity [_28, 29]. 
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Orw* of the main foaturoB of the study roBUlie oonslsiB of the fact that 
the noted changes are more pronounced in the mubciilus soleus, related, in all 
probability, to xhe morphofunctional differences between the studied muscles. 

The musculus soleu/, as is known, consists primarily of "slow" fibers which are 
characterize.! by the slow develojwtent of the contractile process, aerobic type 
of metabolism and high resistance to fatigue. The long extensor of the digits 
belongs to the "fast" muscles. Its composition contains a small number of 
"alow" and"lntermedlato"flbers, however, fibers of the "fast" type predomlnatei 
they are characterized by a rapid rate of contraction, anaerobic tyj)o of 
metabolism and low resistance to fatigue ^16, 4?, 63 ]. 

One can consequently hypothesize that the slow musculus soleus which is 
adapted to the development and maintenance of lengthy stresses and functionally 
deslcned for doing work on earth against the force of gravity, under conditions 
of zero gravity to a greater dr.ji ee le subject to inactivity than the "fast" muscle 
which mainly participates in the physical activity. This, apparently, also 
governs the greater markedness in the musculus soleus of such changes as losses 
in weight and strength. Increase in rigidity, which can be viewed as functional 
manifestations of atrophy from lnactlvl‘.y. 

This is confirmed by the results of morphologlcxl investigations on 
parallel material and agrees with them. In the musculus soleus changes were 
histologically and hlstochemlcally found in many of its structural components 
which were more pronounced as compared to the "fast" muscle: reduction in the 

dimensions of fibers, presence of foci of dystrophic degeneration, active pro- 
liferation of connective tissue elements in the endomyslum and adventitia of 
vessels j.!?]. 

The selective acceleration in the process of tetanic contraction of the 
musculus soleus, apparently, strengthens the viewpiint (.673 according to which 
"unuse" make the muscles "faster". These results, In addition, corrosporei well 
with the data on the change in the musculus soleus under the influence of 
space flight of the spectrum of isoenzymes of lactate dehydrogenase, which Is 
viewed as one of the manifestations of the reconstruction of metabolism in the 
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muacl« lowaxdB reduction In the activity of its inherent oxidizing processes 
and activation of the glycolytic path of metabolisn [.3^]. 

An indication of the possibility of such reconstruction can be seen also 
in the results from study of the strength characteristics of muscles. It is 
known that each type of motor units corresponds to a specific le\ul of ratio 
for the amplitude of tetanic (A.) and solitary (A ) responses, and the value of 
the ratio A /A is greater in the "slow" muscles L53. 6l], From this viewpoint 

V O 

the obtaiited data on reduction in the amount of A. /A can be viewed as the 

X* o 

result of transformation of a portion of the slow fibers of the musculus soleus 
into fast (fig. 8). 

A definite role in the acceleration of the pr'^cess of tetanic contraction 
can also be played by a reduction in the pliability of its elastic components 
1_16, U5, which agrees with the increase in rigidity of the musculus 

soleus (fig. 9) after space flight [29]> 

It is theoretically possible j_50, 523 that the previously described 
deceleration in solitary isometric contractions can be r«)lated to an increase 
in the duration (or reduction in the intensity of development and drop) of 
the active state of muscular contractile apparatus. According to L^93« the 
reduction in rate of unified tetanus of the muscles which was established in 
our studies can support this hypothesis. In that case this circumstance 
can indicat) the known weakening in the power of the calcium pump and the 
mechanisms for it which determine the nature of development and the length of 
the active state [l6 , 45 , 59] • 

The findings on skeletal musc..e8 in model experiments with bed rest and 
experiments on blosatellltes are summarized in table 2. 

We will assiune that the previously described changea in the skeletal 
muscles of man and animals are based on identical or mechanisms close in genesis. 
In that case it can be seen that many of the manifestations of "functional 
atrophy" of muscles observed under conditions of bed rest and space flight, as 
well as the metabolic reconstructions closely associated with them, are equal to 


the praaai cotxlltlons and hava an alaptlva naiura. In all probability, thay 
ara linkad to changas In tha ragulatlng aystans which hava a varying dagraa of 
organizational coaplaxity and varying tima constantn. Somahow or othar, tha 
citad data apparantly confirn tha opinion on tha dynamic natura of tha ^ 

adaptation of muaclaa to a varying laval of thair functioning [_49, 58, 65 ]. 

As for tha starting machanisms of thasa procasjas, thara ara all tha ba,>«8 
for tha assumption that of tham tha strangth dlscharga of tha skalatal musclas 
and reduction in t(>a parcantaga of tonal componant of movamants ara important. 

This widaspread opinion is confirmad by diract axparlmantal data on tha 
natura of changa in the muscular function ina situation which, without limiting 
the participation of muscles in tha physical movamants, significantly reduce or 
decrease tha strength load on tham (amputation model). 

Tha above noted tendencies in tha changa of contractile properties of the 
skalatal musclas can, apparently, play a definite role also in the emergence cf 
certain phenomena cf disorganization of motor functions. This can be shown, 
for example, ’_i the Impaired structure of movements based on the interaction of 
musclas whl j' differ in their anatomical-functional characteristics (slow and 
fast). A Change in the function of musclas, in addition, can affect the adequate 
sensory provision of certain motor syngargias. 

V . Study of the S tate of Osseous Tissue 

It is known that in cosmonauts after fairly lengthy flights an Increase is 
observed in the content of Ca in the blood and the separation of Ca and P with 
the urine, and a drop in the mineral saturation of certain bones of the skeleton 
Ll9» 5* 5^]* At the same time, careful study of the autopsy material form the 

Salyut-1 crew (histochemistry, x-ray structural analysis of crystalline lattice, 
evaluation ci microhardness and biochemical analysis of correlation of p'otaln 
and mineral fractions) did not reveal any changes in the osseous tissue which 
could be viewed as pathological /l4 

An investigation of this topic in situations with bed rest produces more 
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unambiguous results. They were reviewed at the previous analogous meeting 
and there Is practically no doubt that limited muscular activity or load on 
the support apparatus is accompanied by an increase in th* removal of calcium 
and i^osphorouo from the organist, which is related, in all probability, with an 
alteration in the balance between synthesis and resorption of the calcified tissues 
under the given conditions. 

We can supplement this picture with the following data. The stay of a man 
in a bed rest pattern for two months (clincstatic position) was accompanied by 
demineralization mainly of the tubular bones and this process is expressed in 
a greater degree than could bo expected according to the data of calcar inuria. 

The most pronounced changes wore observed on the 15-30 days of the experiment, 
after which the intensity of demineralization had a tendency to drop i_4]. In 
analogous conditions cUi increase tu 40^ was also established for the removal of 
calcium (.363 a reduction in the indices of densitometry in the calcaneus on 
the average by 11-12^ 1 _ 13 , 24] and in the metaphysls of the first phalanx of the 
five firigers of the hand on the average by 7% L2^3* Attempts to prevent these 
changes with the help of pharmacological drugs or physical excercises did not 
have a distinct effect. 

Significant help in the further progress of studying this problem can be 
given, in our opli’ jn, by research on animals in space and under simulated 
conditions. 


Wo attempted to generalize come of the results from studies and presented 
them in the summary table 3* Analysis of it permits certain preliminary con- 
siderations to bo stated. 


It is theoretically possible that the thinning and reduction in density of /15 
the osseous tissue may bo governed both by the deceleration in its regeneration 
and the acceleration in the processes of resorption, or the both simultaneously. 

The overall picture presented in the table has definite signs of a rise in the 
catabolic processes in bone. However, the impression is created that, with the 
exception of situations with very rigid fixation, the processes of deceleration 
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In regensratlon of oesaous tissue have a no less pronounced nature. It Is 
possible that this refers to a greater extent to results obtained In experiments 
on blosatellltes wnere the periods of observation are limited. 

The set of phenomena known at present are apparently more successfully 
described by the term "osteopenia", In contrast, for example, to senile 
osteoporosis, where the processes of resorption clearly predominate The 

main questions emerging from this discussion appear to be how soon (at what 
periods of the space flight) does the dominance of breakdown processes possibly 
become decisive and how can they bo prevented. It Is necessary to note that 
until now results have not been obtained which basically solve this difficulty. 

In the set of mechanical forces, which In accordance with Wolf's law determine 
the growth and development of skeletal bones, the decisive role, according to [. 51 D 
belongs to the deforming loads which sure governed by earth gravity. At the same 
time, analysis of the extensive experimental material results in the conclusion 
that muscular tone and mechanical forces created by the muscle stress more 
effectively prevent resorption of osseous tissue than a weight load [_18, 62 ]. 

Analysis of the results presented In table 3 to a certain degree confirms [V 
this viewpoint. In any case, the findings from blosatellltes reveal that 
weightlessness only aggravates certain manifestations of disorganization In the 
bone metabolism which are noted In parallel experiments with partial immobilization 
of animals. It Is not excluded that the expressed opinion Is accurate only for 
experimental situations with animals where the elimination of the hydrostatic 
pressure and the redistribution of fluids in the organism which is linked to It 
IS not so essential as In man. It Is possible that In man this circumstance 
more actively stimulates the engagement of other, most likely neuroendocrine, 
mechanisms of regulation which can aggravate reconstruction of metabolism of the 
osseous tissue In weightlessness. 

Comparison of the aforementioned results from study of the muscular system 
and osseous tissue in hypokinesia and under conditions of zero gravity, as well as 
comparison of columns 3 suid 4 In table 3 permit one to hypothesize that the 
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a^gravatine action of weightlessness on the osseous tissue to a greater extent 
is determined by the change in muscles under these conditions. Apparently, 
the lack of earth gravity is accompanied in animals by a lower reduction in 
load on the bone apparatus, and in particular on the vertebral column, than in 
man. At the same time, as follows from the examined material, the contractile 
properties, mainly of the antigrsvitational muscles, change so that they cannot 
develop lengthy and fairly large stresses. If one takes into consideration that 
t'.ie fast muscles also adaptively develop smaller stresses, then these circum- 
stances, besides the lack of gravitational load on the skeleton, additionally 
strain the bone. Hero, apparently, also should bo directed the main efforts to 
find preventative measures which could have a diffeiontlatlng effect on Indl- A? 
vidual muscle or muscle groups. 

As noted previously, as before we still know very little about the details 
of disorders in mineral and protein exchange in bones under conditions of zero 
gravity. For this purpose it is necessary to develop analytical studies on the 
state of the mlcrostructuros of the osseous tissue, crystalline lultlco of bone 
and protein matrices ajid their link to the metabolic activity of certain endocrine 
glands, first of all, of the thyroid -parathyroid complex and others 1_6, llj. Of 
no less importance is the further perfection of methods .for Intra vltam study and 
measurement of the composition of osseous tissue in man. From this viewpoint, 
the elaboration of a method for photon absorbslometry or the equivalent mu-meson 
method of intra vitam analysis of the mineral composition of osseous tissue is 
encouraging. The latter was employed by the colleagues of our institute jointly 
with the Institute of Nuclear Studios in the experiment with lengthy (182 days) 
bed rest. Unfortunately, the findings are in the staf'e of processing and we 
are unable to present the results. 

Conclusion 

The Informational and procedural value of experiments with bed rest for 
solving many basic tasks of space medicine at the present time, apparently, does 
not elicit doubts. 




In this report we attempted to lllistrate this thesis in the results of a 


study on the muscle-support system. It can be assumed that between "functional 
atrophy" of the skeletal muscles and "osteopenia" occurring under space flight 
conditions there exists a closer and seemingly, more complex bond. It can be 
thought that studies under conditions of a bed rest pattern will significantly 
promote further understanding of the essence of this bond, as well as of the J_ 
mechanisms Involved In the adaptation changes In Individual physiological systems 
both neuromuscular and osseous. 

One should favorably evaluate the perspective for conducting joint research 
to solve the Indicated questions. From this viewpoint It Is expedient to 
examine and discuss a number of questions of methodological aJid methodical nature 
In Edition to those previously state [_ 62 ]i objectlvatlon and standardization 
of control over observance of bed rest (a better variant, apparently, would be 
the possibility of quantitative analysis of the degree or measure of "Inactivity" 
of the muscle-support system) {selection and stand Eirdlzat Ion of the nature of 
bed rest (for example, cllnostatlc or antlorthostatlc positions) | standardization 
of the methods for selecting subjects and patterns of rehabilitation! selection 
and unification of methods for mathematical planning of experiments and processing 
of their results. 

The advantages of cooperation In solving these so complicated problems are 
obvious. 


ORIGINAL PAOK K 

OF POOR QUALIlY 


15 


TAB1£ 1 

EITEXTr OF 49-DAY AOTIORTHOSTATIC HYPOKINESIA ON COMPOSITION OF 
PROTEIN FRACTIONS AND ENZYME ACTIVITY OF SARCOPUSMIC FUNCTION 
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X Criterion of reliability for difference between data before and 
after experiment. 

Hx Criterion of reliability for difference between mean original and 
amounts obtained after the experiment. 
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TABI£ 2 


COMPARATIVE DATA ON THE STRUCTURAL-FUNCTIONAL CHANGES [_illegible] RECC«STRUCTIC»JS IN THE HUMAN 
SKELETAL MUSCLES UNDES CONDITIONS OF BED REST AND IN ANIMALS AFTER SPACE FLIGHT 


Bed Rest in Man 
Metabolism 


Structure 


Function (and 
anthropometry) 


Weightlessness and other factors in animals 
Function ■ Structure , Metabolism 


+ 


Drop in content 
of sarcoplaismic 
and especially 
myofibrillar 
proteins, 49 
days [9]j 

Increase in 
activity of AST 
and AIT [ 9 ] ; 

In blood; wave - 
like changes in 
content of lactate 
and pyruvate with 
i^illegiblej 


Drop in cross 
dimensions of 
fibers, signs 
of atrophy [,42j; 


Focal dystrophy 

[^ 2 ], 

H ist ochem ically ; 
shift in carbo- 
hydrate exchange 
towards domi- 
nance of aerobic 
oxidation l_42] 


Drop in strength; 
reduction in 
volume and peri- 
meter of muscles; 


Reduction in 
hardness of 
muscles; 

Reduction in 
strength impulse 
due to shortening 
of movement time; 


Drop in amplitude | Drop in cross 
of tetanic ’ dimensions of 

stresses per unit | fibers, 
wei^t of muscle | atrophy 

L29_; 



Losses in elas- 
ticity (in- 
crease in angle 
of slope for 
curve in relation- 
ship "length- 
stress" (.293* 

Shortening of time 
for development 
tetanic stress 
(normalized by 
amplitude) L28, 

29J 


Proliferation 
of connective 
tissue ele- 
ments in endo 
mysium 

Disorgani- 
zation of 
cross stri- 
ation 


I Losses in 
j myofib . paro- 
I teins i_3 
I Increase in 
I activity of 
! ACT and AIT 
I LIO] 

i 

Dominance of 
: "muscular" 

; fraction in 
spectrum: 
; LDG^ and LDG* 

1 L3^]. 


OF pool 


Continuation of table 2 


...tendency towards their reduction 
in second half; Signs of predominance 
of anaerobic breakdown of carbohy- 
drates. Throughout entire experiment 
(49 days) content of cardiac fractions 
LDG increased gradual and 

sharp rise in LDG at end of experi- 
ment L39j; ^ 

Increase in creatine phosphokinase in 
blood 1.39J and nitrogen creatinin 
in total nitrogen of urine [ 3 ^. 


I 

s > 

r< cn 
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Increase in thresholds of 
direct electro-excitability; 
Reduction in rate of recruited 
rhythm of excitation; 

Increase in bioelectric "cost" 
of mechanical effect; 

Reduction in static and 
dynamic endurance; 






Decrease in amount of 
ratio tetanus/twitch 
Reduction in rate of 
unified tetanus l 29]; 
Drop in rate of 
solitary stresses L29]; 
Decrease in resistance 
to fatigue in rhythmic 
stimulations i,29_. 



TABLE 3 


COMPARATIVE DATA ON THE STRUCTURE AND METABOLISM OF OSSEOUS TISSUE IN MAN AND ANIMAIS AFTER SPACE 

FLIGHT AND UNDES SIMUIATED CONDITIONS 


Lack of bearing load 

Presence of bearing load 

Reduction in muscle 

activity 


Limited muscle (phase) 

; tonal 

of muscles in lower 
extremities 

Tonal - for all muscles 

activity 

Bed rest 
(man) 
(1) 

Weightlessness 

(maul) 

(2) 

Weightlessness 
( animals) 

(3) 

HypcAinesia (limited mobility) 
in animals 

(4) 

Increase in content of 
[^3 In blood j 
Increase in separation 
of and P with urine; 

Reduction in mineral 
saturation of bones, 

[ lophotometr ically 

[7.. 4. 18, 24, 36 ]; 

Duration of 
flight 14-84 
days. Increase in 
content of Ca in 
blood; 

Drop in mineral 
saturation of 

bo;:^s l 5. 19t 56 
66^; 

Increaise in re- 
moval of Ca and 
P with urine 

L5. 19 . 56 , 66 ]; 

Preserved struc- 
ture of compact 
and spongy bone; 

1 Markedness of 
1 crystalline 
structures bettei 
than in cont. 
preparations 

Moderate thinning of 
spongy osseous tissue 
of metaphyses (in -1^ of 
caises) expressed more 
than in synchronous 
contr. plans (in I /3 
of cases) ; 

Perilacunar osteo- 
lysis, more narked 
in comparison with 
synchr. control; 

Deceleration of peri- 
osteal osteogenesis; 

Deceleration in growth 
in length.femur and 
tibia ,. 43 ]; 

Delay in growth of tones in extre- 
mities, ^disruption in exchange of 
Ca45, p32, glycine-2Cl''’ in bones and 
teeth| hypdcinesia 6C and 100 days, 
rats |_ 23 , 25 ]; 

Small increase in cone. Ca in plasma 
of blood and reduction in total 
protein and inorganic phosphorous 
l7]* 

Phase changes in content of alkali 
and acid phosphatase in osseous 
tissue and alkali phosphatase in 
blood serum, increase in activity 
of both phosphatases by end of 3 
months of hypekinesia; rats L26]; 

Decrease in density of bone (radio- 
metr. method) and increase in 
removpj of Ca with feces; primates, 
non-support content 35 days l55]» 




Continuation of table 3 

Content of mineral fraction 
and its correlation to 
protein without essential 
differences; 

M i cr ohardne ss — w i tho ut 
essential deviations 
from norm; pathomorpho- 
logical data "Salyut-1" , 
duration of flight — 

23 days [H-]* 


Reduction in periosteal 
osteogenesis; Drop in 
rate of maturation of 
osteocytes and lineau: 
rate of growth of bones 
(tibia) no reliable data 
on increased resorption 
(according to data of 
E. Kholton, D. Beylink) . 
Reduction in strength 
of tibia and femur in 
flights ais compared to 
synchr. contr. (according 
to data of G. Stupakov, 

V . Korolev) . 

Ho pronounced changes 
found in content of Ca and 
F in calcified tissues in 
humerus and incisors; 

Drop in specific activity 
of calcium exchange, i.e. 
rate of restoration L35JJ 

By ElrH method no differences 
found in correlation of 
amorphous phosphates Ca and 
crystalline hydroxy appetites 
in osseous tissue 


Morphological si^n?: of 
dystroph. process in comp, 
aixi spong. substance of 
tibia; dogs, limited 
movement 6 months [.27 J; 

Drastic disruption in struc 
ture, wearing down of 
trabecular base — with rigid 
I fixation, primates L57_; 

! Reduction in mineral 
saturation of tibia and 
I lack of it in bones of 
1 forearm with parallel 
i increase in PTC activity 
j (max. in 3 weeks) — 
limited nobility 10 weeks 

1 l70]« 

' Redistribution of Ca^5 
■ in different mineralized 
tissues:resorption from 
bones of rear extremities 
and increase in jaws auid 
teeth 
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Figure 1. Dynamics of Amount of Volumes of Femur (l) and 
Crus (ll) In Process of Antlorthostatlc Hypokinesia (in 
percentages of Initial level) , Non-shaded columns — 
amount of volumes In prone position, hatched columns — 
difference In volumes measured In positions of standing — 
lying. 
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Figure 2. Dynamics of Amount of Maximum Strength of Muscles In the 
Posterior Group of Crus (ll), Brachial Extensors (l) and Torso (ill) 
In Process of Antlorthcstatlc Hypokinesia 
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Figure 3> Dynamics of Static Endurance of Muscles in Posterior Group 
of Crus (l), Extensor (ll) and Flexorb (ill) of Torso in Process of 
Antiortho.itatic Hypokinesia 
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Flgurn 5« Dynamics of Integral Energy of EUT of Kusculus Gastrocnemius 
with Standard Load (l) and Maximum Strength (ll) In the I-irocess of Anti 
orthostatic Hypokinesia 
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Dynajnlcs of Amount of Electrical Energy (in conventional 
iwits) of Ga^rocnemlus (solid line) and Soleus (dotted line) 
Musculi In Process of Antiorthostatlc Hypokinesia 
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I 

I Symptoms 

Hypotrophy of 
muscles 

Tremor in fingers 

Reduction In 
"hardness” of 
muscle tissue 
Revival of tendinous 
and periosteal reflexes 
with phenom.of asymmetry 
decrease In abdom. 
reflexes 
pathological 
reflexes 

Increase In 
plantar reflexer 

decrease In olectro- 
excltablllty of 
muscles 


duration of bed rest (weeks) 
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Figure 7« Development of Syndrome of Neuromuscular Disorders In Process 
of Antlorthostatlc Hypokinesia 
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Figure 8. Ratio of Amplitude of Tetanic auid Solitary Isometric 
Contractions of Musculus Soleus (MS) and Long Extensor of the Digits 
(led) of VJhlte Rats on First (l) and Twenty -Sixth (ll) Day after 
Flight In Blosatellltes "Kosmos-605" and "Kosmos-690'' . 

F--f light* S — synchronous control experiment* V — vivarium control. 
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Figure 9*R<’iatlonship of "Length-Stress” in Skeletal 
Muscles of White Rats After Flight on Biosatellite 
"Kosmos- 605 " . Solid llne--f light j dotted line — 
synchronous control experiment j dash-dot — vivarium 
control. Remaining designations the same as in fig. 8. 
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Figure 10. Duration of Development of Tetanic 
Conjugation (to ^ maximum) of Musculus Soleus 
In White Rats after Flight on Blosatellltes 
*'Kosmos-605*' and "Kosmos-690" . Designations 
the same as In fig. 8. 
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